Purpose To report the safety and efficacy of combined trabeculotomy and trabeculectomy (CTT) in advanced primary developmental glaucoma with corneal diameter 14 mm or more. Patients and Methods A total of 74 (121 eyes) consecutive patients aged 3 days-100 months (median, 10 months) with advanced developmental glaucoma were included. Primary CTT was performed by a single surgeon at a tertiary eye care centre in India over a 13-year period. The main outcome measures were changes in and final levels of intraocular pressure (IOP), corneal clarity, visual acuity, and refractive status. Results Mean preoperative IOP was 29.477.6 mmHg (range, 10-56 mmHg) and mean postoperative IOP was 15.576.6 mmHg (range, 6-38 mmHg) (Po0.0001) with percentage reduction of 44.5727.1. KaplanMeier survival analysis revealed 3-, 6-, 9-, 12-, 24-, 48-, and 72-month success rates of 86.5, 80.5, 78.1, 75.5, 71.1, and 60.5%, respectively. Majority (80.5%) of the patients were myopes with mean spherical equivalent of 5.874.5D (range, 0.75-22.0D). Using various ageappropriate testing procedures, at the final follow-up visit, 14 patients (41.2%) had age-appropriate normal visual acuity and 20 patients (58.8%) had subnormal visual acuity. Best-spectacle-corrected visual acuity of X20/60 was achieved in seven patients (26.9%). There were no sightthreatening intraoperative and postoperative complications.
Introduction
In India, developmental glaucoma is more frequent and more severe than in other parts of the world. [1] [2] [3] According to a population-based study, the prevalence of developmental glaucoma has been estimated to be 1 in 3300 in the Indian state of Andhra Pradesh and the disease accounts for 4.2% of all childhood blindness. 1, 4 In order to reduce the burden of blindness due to developmental glaucoma, early surgery has been advocated. 5 There has been much debate about the choice of surgery for management of advanced developmental glaucoma. Although goniotomy is reported to be safe and successful when performed by experienced surgeons, [6] [7] [8] trabeculotomy ab externo is easier and more predictable than goniotomy. [9] [10] [11] Nonetheless, the prerequisite for successful goniotomy is a clear cornea to visualize the angle structures during the procedure. 5, 10 However, compared to the Western and European population, a large number of Indian children (480%) present with a severe cloudy cornea at birth, and goniotomy is technically impossible. 2, 3, 12 Furthermore, goniotomy is challenging in cases of advanced developmental glaucoma and Barkan 13 felt that eyes with corneal diameter 415 mm are not suitable for goniotomy. The most compelling argument favouring primary combined trabeculotomytrabeculectomy (CTT) in developmental glaucoma in India is the higher incidence of successful control of intraocular pressure (IOP) with a single procedure already reported by us. 12, [14] [15] [16] [17] [18] The aim of the present study was to evaluate the safety and efficacy of CTT in advanced primary developmental glaucoma with corneal diameter of 14 mm or more.
Methods

Patients
A retrospective chart review was performed of all patients who underwent CTT for advanced primary developmental glaucoma from 1 January 1990, through 31 December 2002. In case of bilateral affliction, the choice of simultaneous bilateral surgery was offered to all patients after thoroughly discussing the risks and benefits with the parents. In all, 12 patients (16.2%) underwent CTT as the second surgical intervention while in the remaining patients (62, 83.8%) CTT was performed as the initial procedure. All surgeries were performed by a single surgeon (AKM) with the informed consent of parents of all patients. We excluded patients who had less than 3 months of follow-up from the present study. The use of primary CTT as the main therapeutic modality was approved by the Ethics Committee for Human Research at the LV Prasad Eye Institute.
The study population consisted of different types of primary developmental glaucoma identified based on the basis of classification system of Hoskins et al:
19 congenital (existing at or usually before birth), infantile (occurring from birth until age 2 years), and juvenile (age 2 years or older).
Examination procedures
Intraocular pressure IOP was measured with a Perkin's hand-held applanation tonometer in the early phase of inhalation anaesthesia using 1% halothane, and IOP was measured by the Goldmann applanation tonometer in children who cooperated for a slit-lamp examination in the postoperative period.
Visual function
Visual function could not be quantitatively assessed in most of the cases in the preoperative period due to severe corneal clouding and Haab's straie rendering these eyes extremely photophobic. However, visual acuity could be recorded in most of the children during the follow-up period. Various suitable procedures were used to assess visual acuity in the follow-up period as has been reported earlier by us. 17, 18 In brief, these included preferential looking assessments using Teller Acuity Cards (Vistech Consultants, Inc. Dayton, OH, USA) which measure resolution acuity, a 3-m folding chart containing Lea symbols to measure recognition acuity, and the logMAR chart. 20 For children to whom these procedures could not be applied, the ability to fix and follow light was used. Although the ability to fix and follow light does not provide a measure of visual acuity, it can help identify children who are totally blind. 21 Visual acuity was reported according to the World Health Organization classification of visual impairment. 22 These categories have been defined based on the best-corrected visual acuity in the better eye and consist of (a) no impairment (X20/60), (b) low vision (o20/60-20/400), and (c) blindness (o20/400).
Refraction
Retinoscopy was not possible in the preoperative period due to corneal oedema in almost all the children. However, retinoscopy was performed, using a streak retinoscope (Heine, Beta 2000) under cycloplegia (cyclopentolate 1% eye drops) in the postoperative period, after 6 weeks in eyes with clear corneas. It was performed in the office on cooperative children and during examination under anaesthesia (EUA) with uncooperative children. In such children, the refractive correction was prescribed based on the objective value after appropriate adjustments for cycloplegia. In cooperative children, where the retinoscopic reflex was irregular and dull due to the presence of a corneal scar, subjective procedures such as axial length measurements and keratometry were used to obtain a rough estimate, which was then used as a baseline value for further refinements in the subjective refraction. 23, 24 Data collection All preoperative, surgical, and postoperative parameters were entered in a computer-friendly data entry form. Any intra-and perioperative surgical complications and retreatments were also recorded.
Outcome measures
The outcome measures included preoperative and postoperative IOPs, corneal clarity and diameter, visual acuity, refractive errors, success rate, time of surgical failure, and complications. The incidence of endophthalmitis (if any) and anaesthetic morbidity and mortality were analysed.
Surgical procedure
The surgical technique employed in all cases was primary CTT. This technique has been previously described by us. 3, 12, [14] [15] [16] [17] [18] In brief, the Schlemm's canal was dissected under a partial thickness limbal-based triangular scleral flap and trabeculotomy ab externo was performed on both sides of the radial incision. Trabeculectomy was then performed in the usual manner. In cases of bilateral affliction, after completion of surgery on the first eye, the second eye was operated using a similar technique but with a new set of instruments, drapes, drops, gown, gloves, etc, simulating a surgical procedure on a different patient.
Postoperative regimen
All patients were treated with topical 1% cyclopentolate twice daily for 1 month and the corticosteroid-antibiotic preparation (0.1% betamethasone and neomycin) six times a day, tapered gradually over a 6-week period. All patients were examined 1, 2, and 3 days after surgery, followed by examination in the office at the end of 1, 3, and 6 weeks and in the office every 3 months thereafter. At each visit, patients were examined fully with a slitlamp biomicroscope, and the anterior chamber depth, corneal appearance, IOP, bleb appearance, and fundus picture were documented. Patients who could not be examined in the office were scheduled for EUA at the end of 1, 3, and 6 weeks and every 3 months thereafter.
Success criteria
Surgical success and failure were defined before data analysis. The surgery was considered a complete success when the IOP was less than 16 mmHg in patients examined under general anaesthesia or less than 21 mmHg in patients who were old enough to be examined with the slit-lamp and when there was no progression of disc cupping or corneal diameter. Qualified success was defined as cases in which such pressure was maintained with a single topical antiglaucoma medication (timolol maleate 0.25% twice daily) or when ocular hypotony was present without visual loss. Failure was defined as IOP greater than 21 mmHg or the development of hypotony-related maculopathy or other sight-threatening complications.
Statistical analyses
To avoid bias, we evaluated the results in terms of patients rather than eyes. 25 For the purpose of statistical analysis, only one randomly chosen eye was included for patients with a bilateral affliction. Results are expressed as mean7standard deviation (SD). A P-value o0.05 was considered statistically significant. Cumulative success probability was determined using the Kaplan-Meier survival analysis. Spherical equivalent (SE) was used to analyse the refractive errors. SE was calculated by adding half the cylindrical value to the spherical value of the refractive error. Subjects with SE higher than þ 0.50D were considered as having hyperopia. However, SE XÀ0.50D was considered for analysis of myopia.
The effect of individual clinical and demographic variables on the outcome of treatment was analysed by a series of univariate Cox proportional hazards models. 26 Any factor with Po0.15 from the univariate analysis was then entered into a multivariate analysis using the forward step-wise method. The effect of each category of a two-category variable was assessed by keeping either of the two categories as the reference. Results are expressed as hazard ratios (HRs) with 95% confidence intervals (CIs). Po0.05 was considered as statistically significant.
Using the SPSS (SPSS for Windows, version 10.0, SPSS, Chicago, IL, USA) software, analyses of continuous data were made using the paired 't'-test. Ordinal data were analysed by the Wilcoxon signed rank test.
Results
Demographic data
A total of 74 patients (121 eyes) were included in the study. The demographic data (age, gender, type of glaucoma, and follow-up) are provided in Table 1 . The mean age at presentation was 21.1723.2 months (range, 3 days-100 months; median, 10 months). The ratio of males to females was 3 : 2 and 47 (63.5%) patients were affected in both eyes. The mean follow-up was 22.1729.0 months (range, 3-108 months; median, 10.5 months).
Intraocular pressure
The mean preoperative IOP was 29.477.6 mmHg (range, 10-56 mmHg). Although some of the patients had normal IOP preoperatively, they were operated because they were receiving antiglaucoma medication and the diagnosis of glaucoma was confirmed based on a comprehensive ocular examination that also included corneal diameters. At the final follow-up visit, the mean IOP was significantly lower than the preoperative level (15.576.6 mmHg; range, 6-38 mmHg) (Po0.0001, paired t-test) with percentage reduction in IOP of 44.5727.1 mmHg. Preoperatively, 20 of 157 eyes (12.8%) were receiving antiglaucoma medication (mean 0.570.7, range 0-3). However, at the last follow-up 11 of 157 eyes (7.0%) required antiglaucoma medication (mean 0.270.4, range 0-1) for the control of IOP (P ¼ 0.088, Wilcoxon's signed rank test).
Corneal diameter and clarity
Mean (7SD) horizontal corneal diameters at presentation were 14.670.8 mm (range, 14.0-18.0 mm). Preoperatively, nine eyes (12.2%) had clear corneas and the decision for surgery in these eyes was based on high IOP, megalocornea, and gonioanamoly suggestive of congenital glaucoma. Two-third of the eyes (49, 66.2%) had corneal oedema; however, the extent of the oedema varied. Sixteen eyes (21.6%) had corneal scarring. At the final follow-up visit, approximately one-quarter of the eyes (18, 24.3%) had clear corneas while the oedema persisted in another quarter of the eyes (19, 25.7%). Half of the eyes (37, 50.0%) continued to have corneal scarring. There was statistically significant clearing of corneal oedema (P ¼ 0.049). Figure 1 demonstrates the preoperative appearance of the week-old child with congenital glaucoma showing megalocornea and corneal oedema. Figure 2 demonstrates the 8-year postoperative appearance of the child in Figure 1 .
Visual acuity
Preoperative visual acuity could be tested in only 19 patients (25.7%). Postoperatively, best-corrected visual Factors associated with poor visual outcome Table 2 ). That is, the failure rate increased two-to three-fold in the presence of a preoperative IOP 435 mmHg.
Refractive errors
Data regarding refractive status were available for 41 (55.4%) patients. For the remaining patients, refraction was not possible due to media haze. Of the 41 patients, 33 (80.5%) were myopic with Figure 3 ). Qualified success was obtained in six eyes (8.1%), while 17 eyes (23.0%) were considered to be failures.
Surgical complications
There was no sight-threatening intraoperative complication. Of the minor postoperative complications, shallow anterior chamber occurred in eight (6.6%) eyes in the first postoperative week; however, surgical reformation was required in only four (3.3%) eyes. In the remainder (four eyes, 3.3%), the anterior chamber deepened spontaneously. Schlemm's canal could not be visualized and as a result, trabeculectomy alone was performed in five (4.1%) eyes. In another seven (5.9%) eyes, it was possible to rotate the trabeculotome on only one side of the radial incision. Rhegmatogenous retinal detachment that was too advanced for any surgical intervention occurred in five (4.1%) eyes. There was no incidence of bleb leakage, bleb-related infection or endophthalmitis.
Discussion
CTT is a promising new surgical technique for the treatment of developmental glaucoma. 12, [15] [16] [17] [18] The classical operation for developmental glaucoma is goniotomy; 27 however, the trend seems to be changing and there are increasing numbers of advocates of primary trabeculotomy. 10, [28] [29] [30] [31] [32] [33] The reason underlying this change in trend is that trabeculotomy offers several major advantages over the alternative procedure of goniotomy as emphasized by Luntz. 10 There have been several successful reports of primary trabeculotomy for developmental glaucoma. [6] [7] [8] [9] 11, [28] [29] [30] [31] [32] [33] McPherson and Berry 11 compared external trabeculotomy and goniotomy in a similar group of patients with developmental glaucoma. External trabeculotomy was statistically more successful as a first operation (19 of 23 eyes; 83%) than goniotomy (8 of 24 eyes; 33%; P ¼ 0.003).
11 Furthermore, the prerequisite for successful goniotomy is a clear cornea to visualize the angle structures during the procedure. 5, 10 In our series, only nine patients (12.2%) presented with clear corneas, in whom goniotomy would have been possible; the remaining patients (65, 87.8%) had corneal oedema and scarring. Despite the presence of a clear cornea, eyes with corneal diameter greater than 15 mm are not suitable for goniotomy, as reported by Barkan. 13 The problems of goniotomy in children with hazy corneas, the advantages of trabeculotomy over goniotomy, coupled with encouraging reports of primary trabeculotomy in developmental glaucoma and the advanced nature of the disease process at birth or at presentation, prompted us to combine trabeculectomy ab externo with trabeculectomy during the initial surgery in our patient population.
Corneal enlargement is a poor prognostic factor in the management of the developmental glaucoma. 34 It is generally accepted that the success of goniotomy is not as good in eyes with significant buphthalmos. In patients with significant increase in corneal diameter goniotomy is technically difficult to perform 13 and CTT may be considered as the initial procedure. The aim of the present study was to evaluate the safety and efficacy of CTT in advanced developmental glaucoma with corneal diameter, greater than 14 mm. Kaplan-Meier survival analysis revealed 3-, 6-, 9-, 12-, 24-, 48-, and 72-month success rates of 86.5, 80.5, 78.1, 75.5, 71.1, and 60.5%, respectively, that was maintained for 8 years of followup. It is of interest that most of our patients (65, 87.8%) presented with severe corneal oedema or scarring associated with advanced megalocornea (mean corneal diameter, 14.670.8 mm). To our knowledge, there is no report in the literature where outcome of surgery on patients with advanced buphthalmos has been reported. Our success rate with initial surgery is significantly better than most of the reported results of initial goniotomy [6] [7] [8] or trabeculotomy ab externo. [9] [10] [11] [28] [29] [30] [31] [32] [33] The superior results of the combined procedure may be because of the dual outflow pathway as explained by Elder, 35 and Mandal and co-workers 3, 12, [14] [15] [16] [17] [18] The additional advantage of CTT is that it allows greater surgical flexibility in advanced buphthalmos. For example, conversion to trabeculectomy is feasible in cases where identification of Schlemm's canal is not possible. In our study, such a situation was encountered in five (4.1%) eyes. It was possible to rotate the trabeculotome on only one side of the radial incision in seven (5.9%) eyes. The addition of trabeculectomy is of significant advantage in such cases.
Whether primary CTT is superior to trabeculotomy or trabeculectomy alone is a subject of considerable debate. In a small series of seven Arab Bedouin infants, Biender and Rothkoff 36 found no difference between trabeculotomy and CTT in patients with congenital glaucoma. Dietlein et al 37 investigated the outcome of trabeculotomy, trabeculectomy, and a combined procedure as initial surgical treatment in primary congenital glaucoma. Although the combined procedure seems to have a favourable outcome, the advantages of this procedure over trabeculotomy or trabeculectomy were not statistically significant after 2 years. Elder 35 compared primary trabeculectomy with CTT and found the latter to be superior. In the present study, all patients underwent CTT and our results are comparable to those reported by Elder 35 and better than the results of goniotomy [6] [7] [8] or trabeculotomy, 9, 11, [28] [29] [30] [31] [32] [33] or trabeculectomy alone. [38] [39] [40] Considering the significant corneal oedema or scarring, 3601 trabeculotomy described by Beck and Lynch 41 could have been considered as an alternative surgical technique that was reported to have an 87% success rate after one procedure. But the technique of performing a 3601 trabeculotomy is highly demanding compared with trabeculotomy using metal probes. We do not have any experience in performing a 3601 trabeculotomy, but excellent IOP control and an efficacy equal to that of multiple standard procedures make it an attractive choice amongst the available angle procedures. Filous and Brunova 42 reported the results of modified trabeculotomy in the treatment of primary congenital glaucoma employing trabeculotomy probes more closely corresponding to the variable course of Schlemm's canal. They reported a success rate of 87% over a mean followup of 38.4722.5 months and concluded that probing with the innovative instrument was easier and safer compared to standard trabeculotomy probes. We speculate that our success rate of trabeculotomytrabeculectomy could be further enhanced with the use of a modified trabeculotomy probe.
Mullaney et al 43 and Al-Hazmi et al 44 used mitomycin-C (MMC) in primary CTT and reported a higher success rate. Our results are comparable to Mullaney et al 43 but we do not believe in using MMC in primary surgery. However, MMC-augmented trabeculectomy may improve the outcome of repeat filtering surgery in refractory developmental glaucoma. Further prospective randomized studies are required to explore the surgical results of trabeculotomy, primary combined trabeculotomy and trabeculectomy, and 3601 trabeculotomy. However, such a study is difficult to conduct because most glaucoma specialists are better trained in, and more comfortable with, one angle procedure than the other.
One of the aims of the study was to evaluate and analyse the functional outcome of advanced developmental glaucoma. Data regarding visual acuity was available for 34 patients (45.9%). Using various age-appropriate assessment procedures, normal visual acuity was observed in 14 patients (41.2%) and it was subnormal in 20 patients (58.8%). Of the 34 patients, visual acuity assessment using Snellen's chart was possible in approximately two-thirds of the patients (23, 67.6%); final best-corrected visual acuity of X20/60 (X6/18) was achieved in approximately onethird (7, 30.4%) of the patients. Four patients (17.4%) had low vision and the remaining patients (12, 52.7%) were blind according to WHO categories of visual loss. 22 However, given the advanced nature of the disease, the visual outcome of our series is encouraging.
Myopia was the most common refractive error found in the present study. It was found in 80.5% of the eyes of the study population. Previous studies have reported occurrence of myopia in children with developmental glaucoma. 5, 6, 45 However, the incidence and severity of myopia is higher in the present series compared to our previously reported series on developmental glaucoma operated within 1 month 17 and 6 months, 18 respectively. We attribute the higher incidence of myopia in the present series to the severity of the disease.
There were no serious intraoperative complications. Of the minor postoperative complications, shallow anterior chamber occurred in eight (6.6%) eyes in the first postoperative week; however, surgical reformation was required in only four (3.3 %) eyes. In the remainder (four eyes, 3.3%), the anterior chamber deepened spontaneously. In the present study, approximately two-thirds (47, 63.5%) of the patients underwent simultaneous bilateral surgery to avoid another long anaesthesia despite the theoretical risk of endophthalmitis. There was no incidence of bleb leakage, bleb-related infection or endophthalmitis. Based on these results, we believe that simultaneous bilateral surgery can be undertaken safely in these patients. However, strict intraoperative asepsis is mandatory and the second eye should be operated as if performing a surgical procedure on a different patient. 16 Children with advanced developmental glaucoma carry poor surgical prognosis and the frequency of failure is high. 5 However, the chances of success are highest with the first surgical procedure. 9, 46, 47 The present study confirms the reported observations; we expect that the outcome of our study will have a positive impact on parental counseeling. 18, 48 The benefits of longterm IOP control and good visual outcome with a single surgery as achieved in the present study are attractive to both the parents and the treating ophthalmologist and a similar view has been expressed by Mendicino et al. 48 However, the risk of long-term drift of the results must be borne in mind, as has been reported in the literature. 36, 45, 49 The limitations of the present study are its nonrandomized, retrospective noncomparative design and the variability in the timing of the surgery depending on the clearance for anaesthesia and the unavailability of visual acuity data in 40 patients (54.0%).
In conclusion, primary CTT may be considered as an initial procedure in advanced cases of primary developmental glaucoma with a corneal diameter of 14 mm or more. These patients experienced good visual outcomes and IOP control with a low complication rate, with one-third achieving a visual acuity of 20/60 or better. Appropriate optical correction of the refractive error, coupled with aggressive amblyopia therapy instituted early, helped to improve the outcome.
